PHYSIOLOGY OF PREGNANCY1
		1Received January, 1969.  by Stillman, Barry C.
PHYSIOLOGY OF PREGNANCY
PHYSIOLOGY OF PREGNANCyl
BARRY C. STILLMAN, DIP. PHYSIO., M.A.P.A., M.e.s.p.
15
Pregnancy commences with the fertilizat ..
ion of an ovum, and terminates thirty..eight
weeks later with the commencement of par-
turition. Once a month, approximately four-
teen days before commencement of men-
struation, an ovum is liberated from a mature
graafian follicle. Fertilization usually occurs
just before or soon after the ovum enters a
fallopian tube. The zygote (fertilized ovum)
takes approximately four days to pass down
the tube, and on reaching the uterus it has
divided several times to form the blasto-
cyst. The blastocyst remains free in the
uterus a further two to three days before
being embedded in the endometrium (endo..
thelial lining of the uterus). After ovulation
the graafian follicle develops into the corpus
luteum, a specialized endocrine structure.
The physiological processes of pregnancy
aU result, directly or indirectly, from a com-
plex interaction of hormones, the details
of which need not be considered here. In
summary:-
(i) The graafian follicle, which rna..
tures under the influence of har..
mones from the adenohypophysis,
liberates oestrogen which is re-
sponsible for proliferative changes
in the endometrium.
(ii) The corpus luteum matures and
continues to function, initially under
the control of the adenohypophysis,
but subsequently by hormones from
the implanted blastocyst. Both
oestrogen and progesterone are li-
berated by the corpus luteum, the
latter being responsible for sec-
retory changes in the endometrium.
( iii) Significant quantities of oestrogen
is produced by the placenta at five
weeks, and progesterone at three
months. At this point the corpus
luteum ceases to he indispensable.
lReceived January, 1969.
Effect of oestrogen on uterus and vagina
The proliferative or oestrogenic phase of
endometrial development consists of an in-
crease in cellular content, growth of uterine
glands, marked increase in vascularity, an
increase in protein content, and an increase
in enzyme activity"
The myometrium (uterine muscle) ex..
hibits an increase in actomyosin (contractile
proteins) with accompanying hypertrophy
during the first half of pregnancy. This re..
suIts from the effects of oestrogen and stretch
in animals, and probably from the same
mechanism in humans. In the cervix there is
reduced viscosity of mucus, whilst the
vagina exhibits proliferation, stratification,
and cornification of its cells.
Effect of progesterone on uterus and V'agina
The secretory or progestational stage of
endometrial development consists of growth
and activity of the secretory glands, thick8
ening of the mucosa, increase in water
content, increased glycogen deposition, en-
largement of spiral arteries, and marked
convolution of the endometrial surface.
Whilst an inhibitory action of progesterone
on the gravid human uterus is often suggest-
ed, such an effect has not heen presently
established in vivo. In the cervix, progester..
one produces increased viscosity and reduced
volume of mucus, and in the vagina,
cellular proliferation, increased mucus secre-




Discoloration of the vaginae
Foetal movement.
Ballotement.
Softening of the cervix.
Uterine enlargement.
Foetal heart sounds.
Hyperemesis gravidarum (morning sick-
ness) .
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Breast changes - enlargement, ability to
express secretions, and pigmentation of the
area surrounding the nipples.
Braxton-Hicks contractions - Painless ir-
regular uterine contractions.. These are
slight between fifteen and thirty weeks, but
increase a little after this time, and more
markedly over the last four weeks when they
may produce mild pain.
MATERNAL PHYSIOLOGICAL CHANGES
Growth of tissue and increase in body
weight
There is usually a loss of about 1 Kgm.
(2.2 lb.) weight during the first two to three
months, followed by an increase of 10 Kgm.
(22 lb.) at term., as indicated below:
Foetus - 3.20 Kgm.t (7 lb.)
Amniotic fluid - 1.36 Kgm. (3 lb.)
Uterus - 0.94 Kgm. (2 lb.)
Breasts - 0.68 Kgm. (I% lb.)
Protein~k }
Fat ~1.8 Kgm. (4 lb.)
Carbohydrate
Fluid - 2.3 Kgm. (5 lb.)
t 1.6 Kgm. two months from term.
* In order of contribution to weight increase
from above downwards.
The Uterus increases in length from 3 in~
ches to 11 inches, and its volume 500 times.
Changes in connective tissue, posture, and
motion
A protein hormone produced in the ovaries,
known as relaxin, has heen considered re-
sponsible, at least in part, for the changes
in connective tissues. As yet there is no well
established evidence of its function in
humans, however the connective tissue
changes are irrefutable. These changes are
an increase in collagen content, an increase
in water content, a depolymerization of acid
mucopolysaccharides of the matrix between
collagen fibres, and perhaps a change in the
collagen fibres themselves. This leads to soft-
ening and reduced tensile strength, which
may he noted in, amongst other connective
tissue structures, the cervix, myometrium,
blood vessels, fascia, and articular capsules
and ligaments. The extensibility of the cervix.,
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an essentially connective tissue structure, is
increased by a factor of about ten at term
so that it is readily dilated and "taken up"
during first stage of parturition. Without
such changes, the resistance offered to foetal
expulsion by the cervix would be insurmount-
able. Of particular importance to physio-
therapists is laxity of the fascia of the ab-
dominal wall. Through this change there is
a reduced resistance both to protrusion of the
abdomen, and increase in the angle of pelvic
tilt.
An increase in the degree of separation
possible at the pubic symphysis, by a factor
of about four, and corresponding changes in
the sacroiliac joints, allow the antero-pos~
terior and transverse diameters of the pelvis
to increase during delivery beyond the values
which exist in the non-gravid state. Sacroiliac
joint rotation, negligible or non-existent
prior to pregnancy, occurs to a significant
degree in pregnancy and is undoubtedly re-
sponsible in part for the increased pelvic
tilt Up to four months the gravid uterus
is confined to the pelvis and lower abdomen,
during which time the mother may assume
a normal erect posture. By five months the
top of the uterine fundus lies level with the
umbilicus, and by term, with the ziphister~
num. This change in anatomy, associated
with an increase in the weight of the uterus
and its contents, accounts for a ventral shift
of the centre of gravity which necessitates
a compensatory postural adjustment in the
form of increased pelvic tilt and lumbar
spinal extension. The weight of the gravid
uterus is taken by, in order, the anterior
abdominal wall, pubic symphysis, and pelvic
floor - the latter descending about one to
two centimetres.
The postural change and laxity of liga~
ments probably both contribute to the waddl-
ing gait which may he seen late in preg~
nancy. Danforth (1967) suggests, although
without substantiating evidence, that CO-Of-
dination of larger movements is impaired,
and reaction times increased.
Changes in metabolism and nutrition
The basal metabolic rate is increased by
15% in the latter half of pregnancy. It is
generally proportional to the increase in body
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weight. There is an increase in the oxygen
cost of activities due to the increased matern-
al weight, an increase in thyroid activity,
and the action of oestrogen. Oestrogen en-
hances oxidation of glycogen and pyruvates
to carbon dioxide, promotes protein anabo-
lism, and retards metabolic degradation.
Whilst it is not true that the mother
should "eat for two", she is nevertheless
responsible for both her own and her child's
metabolic requirements. The foetus assumes
priority with regard to many of the nutrition-
al elements, and during the final two months
of pregnancy, maternal gastrointestinal ab-
sorption is inadequate for foetal needs. For
this reason it is necessary for proteins, cal..
cillm, phosphorus, iron, and so on to be
stored by the mother early in pregnancy.
If this does not occur then the mother suffers
at the expense of the foetus, although it is
certainly not impossible for the foetus to
suffer also. However, the one foetal system
which is markedly resistant to inadequate
maternal nutrition is the nervous system.
Cardiovascular changes
An increased blood volume by up to 30%
(1~2 litres) exists in the latter half of preg-
nancy. The plasma/cell ratio is increased
throughout most of pregnancy (plasma
volume increase is by 50%), however in-
creased erythrocyte production by bone
marrow returns the ratio to normal at term.
The increased blood volume results principal~
Iy from the action of oestrogen and ad·
renocortical hormones. These produce in-
creased sodium reabsorption from the kid-
neys, reduced urinary volume, increased
extra cellular fluid, and hence, increased
blood volume. The arterioMvenous shunt
effect of the placenta reduces peripheral re..
sistance, and further contributes to the in-
creased circulating blood volume.
The cardiac output is increased by 30%
to 40% (1..2 litres/min.) to cope with the
increased blood volume, the increased
oxygen cost of activities, and the foetal re-
quirements.
Peripheral venous and lymphatic stasis
occur inevitably, hut to varying degrees. The
effects of oestrogen and adrenocortical hor-
mones such as aldosterone have been noted.
Added to these effects is relaxation of smooth
muscle of the blood vessels caused by pro-
gesterone, reduced level of physical activity,
and a variable mechanical resistance to venM
ous and lymphatic drainage caused by the
intrapelvic contents.
Circulation of blood through the placenta
is on average 750 ml/min.. , or about one-
tenth of the total cardiac output. Although
the pressure gradient of oxygen across the
placenta is only 40 to 30 mID. Hg., the foetus
is guaranteed an adequate oxygen supply
because of the rapid foetal heart rate (140/
min.), the high partial pressure of carbon
dioxide (which enhances oxygen dissociat-
ion), the foetal haemoglobin concentration
(50% greater than the maternal concen-
tration), and the oxygen carrying capacity
of foetal haemoglobin (20% to 30% greater
than the carrying capacity of maternal hae-
moglobin).
Respiratory changes
Increased basal metabolic rate and cardiac
output is accompanied by a 20% increase
in oxygen requirement, catered for as a re-
sult of progesterone action, by an increased
respiratory minute volume of up to a maxi-
mum of 50% which may be noted from eight
weeks onwards.. Dyspnoea may occur during
the first trimester, probably as a result of
the progesterone-induced hyperventilation
and accompanying hypocapnoea. At the end
of pregnancy there is a significant increase
in the intra-abdominal pressure and, as noted
previously, the base of the uterus lies at
the level of the ziphisternum or tenth tho-
racic vertebra. This reduces diaphragmatic
excursion, however it also results in an in-
crease of the lower thoracic diameters to
the extent that the reduced diaphragmatic
excursion may effect a relatively normal
volume change. Whilst the changes may be
slight, there is usually an increase in the
vital capacity and inspiratory capacity,
associated with a reduction in the functional
residual capacity and maximum breathing
capacity.
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COMPLICATIONS OF PREGNANCY
Postural disorders
Increase in maternal and foetal weight,
altered line of weight bearing, and liga-
mentous laxity account for a number of
postural disorders - particularly lumbar
lordosis with hip flexion, and flat feet. In-
creased energy expenditure on activity, gen-
eral fatigue, and obesity may further add
to the problem, as will any musculoskeletal
disorder existing prior to pregnancy. The
rotational force applied to the sacroiliac
joints may result in subluxation with
accompanying low hack pain, often with
sciatica. This usually appears during the
sixth or seventh months, and is attended by
characteristic pain over the sacroiliac and
pubic joints, marked discomfort on rotation,
limp, and a waddling gait. This also places
considerable strain on the anterior abdominal
wall, and in severe cases, because of the
accompanying anteversion, may lead to a
delay. in second stage of parturition. Com-
preSSIon of the lumbosacral trunk at the side
of the sacral promentory, meralgia par-
aesthetica (from intermittent compression of
the lateral femoral cutaneous nerve), and
ventral hip pain (from strain of the ilio-
femoral ligaments) are further possible
accompaniments of the above mentioned
postural changes. Towards the end of preg-
nancy a costoclavicular sydndrome may re-
sult from altered posture of the shoulders,
but care must be taken that it is not a mis-
diagnosed carpal tunnel syndrome. It is
charac~erised by pain in the shoulders, par-
aesthesIa, and weakness of the arms. It is
worse when the limb is used above shoulder
level, and during recumbency.
Circulatory disorders
Pelvic congestion, the relaxing effect of
progesterone on smooth muscle, reduced level
of a?tivity, oedema, and obesity may all
contrIbute to the development of varicose
veins in the lower limbs, varicocoele of the
vulva, or haemorrhoids.
The effects of oestrogen and adrenocortic-
al hormones on renal function has been
noted. These effects along with those that
predispose to varicosity, account for the high
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incidence of oedema - in 60% of normal
pregnant women. Oedema also forms part
of the syndrome of pregnancy toxaemia to
be described below.
It has been shown that in the supine posit-
ion :irtually all women in late pregnancy
sustaIn compression of the inferior vena
cava as high as the renal veins, requiring
a rapid opening up of collateral veins mainly
round the spine and in the abdominal walL
In some 3% of women the result is a dimin-
ished v~ous return, reduced cardiac output,
hypotensIon, and a tendency to faint.
Carpal tunnel syndrome, indicated by pain
and tingling in the first to third or second
and third fingers, slight thenar atrophy, ex-
acerbation on exercise and at night, and, in
~e maj~rity of instances, signs of swelling,
IS a faIrly common complication usually
commencing in the last trimester of preg-
nancy. There is often a relationship to trauma,
frequently a correlation between rapid weight
gain and the syndrome, and possibly an
effect of relaxin on the flexor retinaculum.
Whilst fluid tends to collect in the legs dur-
ing the day, this tendency is reversed at
night. The redistribution of fluid, and per-
haps generalized vasodilation at night may
playa part in the aetiology. A majority of
patients recover spontaneously within one
month postnatally.
Bladder and bowel disorders
For reasons which should now he obvious,
stress incontinence and constipation are com-
mon problems. Of more importance, although
largely controllable hy antibiotics, is renal
infection. The predisposition to renal infect..
ion is due, in part, to relaxation of the ureters
by action of progesterone, associated with
the possibility of mechanical obstruction and
ureteric reflux. It has also been shown that
a severe lordosis may result in compression
of the left renal vein where it crosses the
spine, with resulting albuminurea,. Possibly a
similar mechanism, raising the adrenal ven..
ous pressure, contributes to the altered aldo-
sterone secretion.
Pregnancy toxaemia
Approximately 7% of pregnant women
m~nifest oed~ma i.n the l~gs and hands, pro-
telllurea, rapId weIght gaIn, and hypertension
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indicative of pre-eclampsia, the mildest form
of pregnancy toxaemia. The cause of this
disorder is not known, although altered aldo-
sterone secretion may playa part. Eclampsia
comprises epileptic fits and coma. It is rare,
but may be fatal.
Hyperemesis gravidarum (morning sickness)
Nausea with or without vomiting is com-
mon in the first few months of pregnancy.
Occasionally this minor problem may be
severe and cause marked secondary meta-
bolic effects. In very rare instances it has been
known to cause death. Although the cause is
unknown, it has been attributed to the in-
creased blood oestrogen level, and to chori-
onic gonadatrophins produced by the develop-
ing blastocyst and adenohypophysis.
Nutritional disorders
Iron deficiency anaemia occurs in perhaps
30% of pregnancies.
Causes are:
(i) a physiological alteration in gastro-
intestinal absorption.
(ii ) iron deficiency caused by:
(a ) failure to eat sufficient - poor
diet, or reduced intake from
loss of appetite or vomiting.
(b) failure to absorb sufficient
(c) foetal iron requirements ..
In moderate cases the signs include pallor,
dyspnoea, lassitude, palpitation, and pervert..
ed taste. This is but one example of dis..
ordered nutrition.
Breast disorders
Problems occasionally encountered include
painful, tense nodular swellings (chronic
mastopathia and mastodynia) of unknown
cause; acute mastitis; and inverted nipples.
CONCLUSIONS
Pregnancy, whilst rightly referred to as
a normal physiological process, is neverthe-
less an extremely temperamental one where
a number of normal changes may become
sufficiently exaggerated as to he considered
abnormal, or may lead on occasion to frank
pathology.
Physiotherapy is a desirable part of the
management of pregnancy per se, independent
of its value during parturition or the puerper..
ium. I believe that the physiotherapist's
responsibility with respect to pregnancy in-
cludes:
(i) exercises and advice designed to
maintain optimum physical effi-
ciency, particularly with regard to
circulation, posture, and other mo-
tor functions;
(ii) the detection and referral of any
complications that may be noted;
and
(iii) the prevention, palliation, or treat..
ment of physical disorders amen-
able to physiotherapy.
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